We present an optical spectroscopic study of a 90% complete sample of nearby ULIRGs (z < 0.175) with optical Seyfert nuclei, with the aim of investigating the nature of the near-nuclear (r < ∼ 3.5 kpc) warm gas outflows. A high proportion (94%) of our sample show disturbed emission line kinematics in the form of broad (F W HM > 500 km s −1 ) and/or strongly blueshifted (∆V < −150 km s −1 ) emission line components. This proportion is significantly higher than found in a comparison sample of nearby ULIRGs that lack optical Seyfert nuclei (19%). We also find evidence that the emission line kinematics of the Sy-ULIRGs are more highly disturbed than those of samples of non-ULIRG Seyferts and PG quasars in the sense that, on average, their [OII]λλ5007,4959 emission lines are broader and more asymmetric.
tivity in X-ray observations (Alexander et al., 2005 (Alexander et al., , 2010 Harrison et al., 2012) , there is a limit to what can be learnt in detail about the co-evolution of black holes and galaxy bulges in such objects because of their faintness. Moreover, for high redshift galaxies many important diagnostic emission lines are shifted out of the optical/near-IR, and their outflows are difficult to resolve spatially.
Fortunately, the hierarchical evolution of galaxies is also continuing in the local Universe, albeit at a reduced rate. The Ultra Luminous Infrared Galaxies (ULIRGs: LIR > 10 12 L⊙) represent a class of objects at relatively low redshifts in which the prodigious far-IR radiation represents the dust re-processed light of major starbursts and/or AGN buried in the nuclei of the galaxies (Sanders & Mirabel, 1996) . ULIRGs almost invariably show morphological evidence (e.g. tidal tails, double nuclei) consistent with triggering of the activity in major galaxy mergers (e.g. Surace et al., 1998 Kim et al., 2002; Veilleux et al., 2002) . Based on their mid-to far-IR colours they can be sub-divided into "warm" (f25µm/f60µm > 0.20) and "cool" (f25µm/f60µm < 0.20) sub-types, with the warm sub-type frequently associated with visible Seyfert or quasar nuclei (e.g. Surace & Sanders, 1999) . In terms of evolutionary scenarios, it has been proposed that cool, starburst-dominated ULIRGs evolve into warm, AGN-dominated ULIRGs as the circum-nuclear dust is dispersed by starburst and AGNinduced outflows Surace et al., 1998) . Such scenarios are broadly consistent with current simulations of major, gas-rich galaxy mergers (Hopkins et al., 2005) . Therefore, the ULIRGs represent local analogues of the rapidly evolving galaxies now being detected in large numbers in the distant Universe, but they have the considerable advantage over the high redshift objects that they are close enough to study in detail. In this sense the nearby ULIRGs are key objects for understanding the detailed physical mechanisms -particularly the outflows -involved in the co-evolution of super-massive black holes and their host galaxies.
As the most rapidly evolving galaxies in the local Universe, ULIRGs represent just the situation modelled in many of the most recent hydrodynamic simulations of gas-rich mergers Johansson et al., 2009 ). In the final stages of such mergers, as the nuclei coalesce, the simulations predict that the super-massive black holes accrete at sufficiently high rates to produce luminous, quasarlike AGN; the outflows associated with the AGN are potentially capable of ejecting the remaining gas and halting star formation in the bulges of the merger remnants. However, fine tuning of the models is required in order for them to reproduce the observed M bh vs. σ relationship. In particular it is required that the outflows carry a relatively large proportion of the available accretion power of the AGN (∼5 -10%: Fabian, 1999; di Matteo et al., 2005, 
but see Hopkins & Elvis 2010). Clearly it is important to use direct observations to determine whether this fine tuning is justified: are the AGN-driven outflows in ULIRGs truly as important as many of the simulations require?
In line with the expectations of the hydrodynamic simulations, spectroscopic evidence for outflows has now been found in several ULIRGs using optical observations of neutral NaID absorption lines (Rupke et al., 2005a,b; Rupke & Veilleux, 2011) , and far-IR/sub-mm observations of the molecular OH and CO lines (Feruglio et al., 2010; Fischer et al., 2010; Sturm et al., 2011) . However, the evidence for a clear link between these outflows and nuclear AGN activity is mixed. For example, although the mass outflow rates and kinetic powers associated with the neutral NaID absorption line outflows are significant, comparisons between the properties of the neutral outflows in objects with and without optical AGN show surprisingly little difference (Rupke et al., 2005c) . Moreover, while the results of Sturm et al. (2011) , based on Herschel data, do suggest that the molecular outflows may be faster and more powerful in ULIRGs hosting powerful AGN (Sturm et al., 2011) , the sample is small (only 6 objects) and incomplete.
It is important to recognize that the gas associated with any AGN-driven outflow may be highly ionized and therefore not adequately sampled by NaID absorption and molecular line studies. In addition, the quantitative estimates of the properties of the neutral and molecular outflows are compromised by the fact that, in most cases, the radial extents of these outflows are not well constrained by the observations, which sample gas along the line of sight.
Results based on the optical studies of the large-scale (>5 kpc) warm ionized gas in ULIRGs Westmoquette et al., 2012; ) reveal a similar picture to the molecular and neutral gas studies: energetically significant outflows, but no clear differences between the outflows in ULIRGs with and without AGN; again it is not clear whether the large-scale emission line gas is truly sampling the AGNdriven outflows. However, optical and mid-IR spectroscopic observations have recently revealed highly ionized outflows in the near-nuclear regions of several ULIRGs with Seyfert-like nuclei in the form of broad, blueshifted emission line components (Wilman et al., 1999; Lípari et al., 2003; Holt et al., 2003 Holt et al., , 2006 Spoon & Holt, 2009 ). These observations also suggest that the nearnuclear outflows are highly stratified (Holt et al., 2003; Spoon & Holt, 2009) , and that relativistic jets may play an important role in accelerating the gas Spoon & Holt, 2009) . Given that they isolate the AGNdriven outflow components, the near-nuclear high ionization emission lines thus provide a powerful tool for addressing the key questions surrounding AGN-driven outflows in ULIRGs. These questions include the following.
• What is the dominant outflow driving mechanism in ULIRGS: AGN or starbursts? As discussed above, previous studies based on observations of the molecular, neutral and large-scale ionized gas outflows have not provided a clear-cut answer to this question. Clearly it is important to consider this question in the context of the near-nuclear warm outflows.
• Are AGN-driven outflows more significant in Seyfertlike ULIRGs than in other types of AGN? Given that the ULIRGs are among the most actively evolving galaxies in the local Universe, with (predicted) high nuclear nuclear accretion rates, we might expect the AGN-induced outflows in such objects to be unusually strong. However, a large proportion of AGN of all types show evidence for outflows at some level, in the form of blue wings to the [OIII] emission lines (e.g. Heckman et al., 1981; Whittle, 1985; The nature of the nuclear outflows in Sy-ULIRGs 3 1991b; Nelson & Whittle, 1995) . Therefore, it is important to establish whether the outflows in Seyfert-like ULIRGs are significant more extreme than those detected in the general population of non-ULIRG AGN.
• What is the nature of the near-nuclear outflows in ULIRGs? Comparisons of spectroscopic observations of emission lines of different ionisation have provided evidence that the near-nuclear emission lines outflows in some ULIRGs are stratified. However, it is currently uncertain whether the outflows comprise a small number of distinct outflow velocity components, each associated with a particular spatial location and set of physical condition (Holt et al., 2003) , or rather encompass a continuous gradient of velocities and physical conditions across the full extent of the emission line region (e.g. De Robertis & Osterbrock, 1986) . At the same time it is important to confirm using a wide range of emission lines that the outflows are indeed decelerating, as suggested by observations of the mid-IR fine structure neon lines (Spoon & Holt, 2009 ).
• Do relativistic jets play an important role in accelerating the ULIRG outflows? Although it is certainly the case that some of the most extremely blueshifted emission line components are are found in ULIRGs that contain powerful relativistic jets (Holt et al., 2003 (Holt et al., , 2006 , the issue of the jet contribution to the acceleration and ionisation of the outflows warrants further investigation using a complete sample of ULIRGs that is unbiased towards jet properties.
• How energetically significant are the AGN-induced outflows in ULIRGs? In terms of testing the hydrodynamical merger simulations that incorporate AGN feedback as a key element, it is crucial to accurately quantify the mass outflow rates and kinetic powers of the near-nuclear outflows. In this way it will also be possible to compare the properties of the near-nuclear AGN outflows with those of the neutral and large-scale ionised gas outflows, to determine whether the AGN-induced outflows are truly energetically significant.
In this paper we directly address the these questions using detailed optical spectroscopic observations of a complete sample of 17 nearby (z < 0.175) ULIRGs with Seyfert-like nuclear spectra. Throughout this paper we assume a cosmology with H0 = 71 km s −1 Mpc −1 , Ω0 = 0.27, ΩΛ = 0.73.
SAMPLE SELECTION, OBSERVATIONS AND DATA REDUCTION
In order to achieve the aims of this project we require a sample of ULIRGs with Seyfert-like nuclear spectra that are close enough to study in detail and have high quality nuclear spectra; the sample also needs to be complete as possible.
As a starting point we took the "Extended Sample" (ES) of Rodríguez Zaurín et al. (2009) , which comprises 36 nearby (z < 0.175) ULIRGs of all spectral types from the 1Jy sample of Kim & Sanders (1998) that have deep WHT spectra. We then selected all the objects with Seyfert-like nuclear spectra from this sample. To make this selection we use the criteria of Yuan et al. (2010) , which in turn are based on the emission line diagnostic diagrams of Kewley et al. (2006) for SDSS galaxies. Specifically, we selected all the objects classified as Sy2 in at least 2 out of 3 of the Kewley et al. (2006) diagnostic diagrams, as well as the three objects with broadline Seyfert 1 spectra. This results in a sample of 19 nearby ULIRGs with Seyfert-like spectra, redshifts z < 0.175, declinations δ > −25, and right ascensions 12 < RA < 02 hr (see Table 1 for details). In comparison, a total of 22 ULIRGs from the full 1Jy sample of Kim & Sanders (1998) meet the same selection criteria in optical classification, redshift, declination and right ascension, and of these only 3 objects -F12265+0219 (3C273), F13443+08, F14121-0126 -are not included in our sample of ULIRGs with Seyfert-like nuclear spectra and deep WHT spectra. Therefore our sample is 86% complete 1 , and is certainly representative of the subset of ULIRGs with optical Seyfert nuclei in the local Universe.
As described in Rodríguez Zaurín et al. (2009) , deep spectra of all of the 19 objects in our sample were taken with the ISIS dual-beam spectrograph on the 4.2-m William Herschel Telescope (WHT), on La Palma, Spain. The observations were carried out using the R300B grating with the EEV12 CCD, and the R316R grating with the MARCONI2 CCD on the blue and the red arm respectively. The instrumental setup resulted in a spatial scale of 0.4 arcsec/pix for both arms, and a dispersion of 1.72Å/pix for the blue and 1.65Å/pix for the red arm. The useful wavelength range is ∼ 3300 -7800Å, in the observed frame. A slit of width 1.5 arcsec was used for all the objects. In order to minimize the effects of differential atmospheric refraction, the objects were observed either with the slit aligned along the parallactic angle, or at small airmass (AM < 1.1). Although we lack accurate seeing estimates for individual objects, because ISIS/WHT does not provide imaging observations, measurements by the DIMM seeing monitor at the observatory suggest that the seeing was in the range 0.6 < F W HM < 2.6 arcsec, and usually less than 2.0 arcsec, for the nights of the observations.
The data were reduced (bias subtracted, flat field corrected, cleaned of cosmic rays, wavelength calibrated and flux calibrated) and straightened before extraction of the individual spectra using the standard packages in IRAF and the STARLINK packages FIGARO and DIPSO. The wavelength calibration accuracy, measured as the mean shift between the measured and published (Osterbrock et al., 1996) wavelength of night-sky emission lines, is ∼ 0.35Å for the blue spectra and ∼ 0.25 for the red spectra. The spectral resolutions, calculated using the widths of the night-sky emission lines (FWHM), are in the ranges 4.9 -5.6Å and 5.1 -5.5Å for the blue and red arms, respectively. Finally, the estimated uncertainty for the relative flux calibration is ±5%, based on comparison of the response curves of several spectrophotometric standard stars observed during all the observing runs.
Following reduction, inspection of the spectra revealed that in 2 of the 3 objects with Seyfert 1 spectra (Mrk231, F21219-1775), the strength the broad Balmer and FeII emission features and non-stellar continuum prevented analysis of their narrow line emission. Therefore we excluded these two objects from further analysis. Note however that, although it has not proved possible to study the narrow emission line kinematics in the nucleus of the two excluded Seyfert 1 objects, one of these objects -Mrk231 -is well known to show evidence for outflows based on absorption line studies of the neutral and molecular gas, and the extended emission line regions (e.g. Rupke & Veilleux, 2011) . Overall our final sample comprises 17 Seyfert-like ULIRGs with viable spectra.
RESULTS
In this paper we are interested in the AGN-induced outflows in the near-nuclear regions of ULIRGs. Therefore we concentrate on the 5 kpc-diameter nuclear apertures described in the Rodríguez Zaurín et al. (2009 Zaurín et al. ( , 2010 ) stellar population study of the galaxies. In this section we describe the results obtained by fitting the profiles of the emission lines detected in the nuclear spectra.
Fitting the emission line profiles
Prior to the modelling of the emission line profiles in the nuclear regions, the spectra were shifted to the galaxy rest frame and a continuum model was subtracted from the data. In each case the continuum model was selected among the best fitting models to the stellar continuum emission from the galaxy (see Rodríguez Zaurín et al., 2009 , for details on the stellar continuum modelling technique).
Once the continuum emission was subtracted, we used the DIP SO package to fit Gaussian profiles to the emission lines. Our general modelling philosophy is to fit each emission line with the minimum number of Gaussian components required to produce an acceptable fit 2 . The velocity widths derived from the fits were quadratically corrected for the instrumental profile, and all linewidths and radial velocity shifts were corrected to the rest frame of the objects.
One of key aspects we want to investigate is the nature of the outflows: whether they comprise a small number of distinct outflow velocity components, each associated with a particular spatial location and set of physical conditions (e.g. Villar-Martín et al., 1999; Holt et al., 2008) , or on the contrary, there is a continuous gradient of velocities and physical conditions across the full extent of the emission line region (e.g. Holt et al., 2003; Spoon & Holt, 2009 ). In the first scenario one kinematic model would provide an adequate fit to all the different emission lines, while in the second scenario each line would have different kinematic components.
To test these scenarios it is first necessary to select a prominent emission line that is suitable to generate a model that will be used to fit all the other emission lines. In this context the strong [OIII]λλ4959,5007 lines usually have high S/N in our spectra, are in a region clean from any atmospheric absorption, and are not blended with other emission lines (as in the case of Hα and [NII]λλ6548,6583 or the [OII]λλ3727,3729 doublet). Therefore, where possible, we started the individual analysis of each source by fitting the [OIII]λλ4959,5007 emission lines. When fitting these lines we used three constraints in accordance with atomic physics: i) the flux ratio between [OIII]λ4959 and [OIII]λ5007 was set at 2.99:1 (based on the transition probabilities); ii) the widths of the corresponding kinematic components of each line were forced to be equal; iii) the shifts between the corresponding components of each line were fixed to be 48.0Å. We will refer to this as 'the [OIII] model' hereafter.
We then attempted to model the other prominent emission lines in the spectra with the same kinematic model (velocity widths and shifts) as [OIII] , leaving the relative fluxes in the kinematic sub-components to vary. As well as the constraints derived from the [OIII] model, it is possible to further constrain the fits to other doublets in accordance with atomic physics: the shifts between the corresponding components of each line in all doublets (e.g. [NeIII] 3 . Therefore, in those cases we assumed 3727Å as the rest frame wavelength.
The [OIII] modelling technique was successful for all but 4 of the 16 objects in the sample discussed in this paper (75%). This is consistent with the idea that, in the majority of cases, there exist a discrete number kinematic components, each with its own line width, velocity shift, physical conditions and ionization. However, in the cases of F13451+1232, F14394+5332, F16156+0146 and F23389+0300 (25% of the objects in our sample) it was not possible to use a single model to fit all the emission lines observed in their optical spectra, suggesting that there may be a continuous gradient of density, ionization and kinematics through the Narrow Line Region (NLR), leading to each line having a different profile. Figure 1 shows the fits to the [OIII] emission lines profile for all but 3 of the objects in our sample. In the cases of F00188-0856 and F23327+2913, the [OIII]λλ4959,5007 emission lines have a low equivalent width and the profiles are affected by residual structure in the underlying continuum; hence it is not possible to precisely fit these lines. However, it is still possible in these cases to find one kinematic model that fits all emission lines, based on the stronger Hα+[NII] lines. Figure 1 shows the fits to the Hα+[NII] complex for these two objects. In addition, a detailed study of the kinematics for F13451+1232 is presented in Holt et al. (2003) and Holt et al. (2011) , including the fit to the [OIII] emission line. Therefore, no fit for this source is shown in Figure 1 . The nature of the nuclear outflows in Sy-ULIRGs 5 galaxies in our sample, whereas Table 3 presents the line fluxes and emission line ratios. We emphasize that the fits to some emission line blends have the potential to suffer from degeneracies, in the sense that it is possible for the fitting programme to allocate the fluxes between the different kinematic components in various ways and still produce acceptable fits to the overall emission line profile. This is a particular problem in cases where there are multiple, broad kinematic components, and the components of the blend are relatively close together in wavelength (e.g. Hα+ [NII] λλ6548,6584 and [SII]λλ6717,6731). To check whether the degeneracy is a consequence of the particular fitting programme (DIPSO) we have used, we have also modelled the emission line profiles of those objects for which the degeneracies were more important (e.g. F01004-2237 or F15130-1958) using the MPFIT code (Markwardt, 2009 ). The main difference between DIPSO and MPFIT is that, whereas DIPSO fits the kinematic components in each individual emission line or blend individually, we have used MP-FIT to fit all the kinematic components in all the lines/blend in the spectrum simultaneously. Overall, the modelling results were consistent with those obtained using DIPSO and the degeneracies were still present. The impact of these potential degeneracies on the fits to emission line blends in individual objects is discussed in the Appendix.
As well as fitting the 17 objects in our sample of ULIRGs with optical Seyfert nuclei, for the purposes of comparison, we used identical techniques to fit the For ease of reference in the following sections, we use the following scheme to label kinematic components, based on line widths (FWHM):
• narrow: FWHM < 500 km s −1 ;
• intermediate: 500 < FWHM < 1000 km s −1 ;
• broad: 1000 < FWHM < 2000 km s −1 ;
• very broad 2000 km s −1 > FWHM.
Detailed descriptions of the line profile fits for individual ULIRGs are described in the Appendix, while in the following sections we describe the general results derived from these fits.
F00188-0856 (2) in Table 2 ). Col (3): Hβ flux in erg s −1 cm −2 . From Col (4) to Col (9) and columns (11) and (12): ratios of the fluxes of the main emission lines to the Hβ line. The uncertainties in these ratio are typically < ∼ 15%, as estimated accounting for the 5% flux calibration uncertainty, and the uncertainties in the model fits themselves. However, there are a few particular cases, mainly the broadest component in some emission lines, or those kinematic components that make a small contribution to the flux, for which the uncertainty can be as high as 50% (for example, the I2 component of the [SII] λλ6716,6731 emission lines in the case of IRASF15130-1958) . Col (10): uncertainties in the Hα/Hβ ratio (we discuss in the text a possible correlation between the broadness of the different kinematic components and their corresponding reddening. Therefore, it is particularly important to give the uncertainties associated with this ratio explicitly). a As a first approach during the modelling, [OII]λλ3726,3729 was treated as a singlet rather than a doublet. However, there are cases for which accounting for the doublet nature of at least one of the different kinematic components is necessary to adequately model the [OII]λλ3726,3729 emission lines. The fluxes presented in the table for these cases are are the sum of the two lines of the doublet. b For these four galaxies it was not possible to find one model that adequately reproduces all the emission lines. In the cases of IRAS F13451+1232, F16156+0146 and F23389+0300 the number of components is the same for all the emission lines, although with different widths and shifts. Therefore, it is still possible to use the Hβ line as a reference and give line fluxes relative to that line. In the case of F14394+5332 the modelling results reveal the presence of a narrow component at rest frame found in all the emission lines, plus a number of different blueshifted components with different widths and shifts for the different emission lines. Therefore, to give an idea of the fluxes from the narrow component and the shifted components, we define two kinematic components in this case: narrow (N), corresponding to the narrow component found for all emission lines, and broad (B), which comprises the sum of all the kinematic components for each line that are not the narrow component. c This is the only object with a strong broad-line Sy1 nucleus the in our sample. Due to the large contribution of the broad component from the broad line region (BLR) in the case of the Hα emission, it is not possible to constrain the flux in the broad, blueshifted component detected in [OIII] (referred as B in the table) for this particular emission line. Therefore, no flux value for the B component is presented in the table for this galaxy (see appendix A for details). d Two models adequately modelled the emission lines in the case of F17179+5444. One model comprises a narrow, an intermediate and a broad components, while the second model includes two narrow components of the same width plus a broad one. The results shown in the table for this galaxy correspond to the first model. e The very broad (VB) kinematic component for these two ULIRGs is only detected in high ionization emission lines (i.e. not in the case of Hβ) and therefore not included in the table. f The Hβ emission line for this galaxy falls close to the region of the spectrum that is heavily affected by the dichroic. Therefore, the narrow component, which makes a relative small contribution for most of the emission lines, is not detected in the case of Hβ. For this components line fluxes are given relative to Hα.
The incidence of kinematically disturbed components in Seyfert and non-Sy-ULIRGs
Kinematic disturbance of the emission line gas does not necessarily involve large line shifts, but can also be indicated by large line widths in components that are relatively unshifted. Therefore we define the term "kinematic disturbance" in this paper to encompass kinematic components that have intermediate or broad line widths (F W HM > 500 km s −1 ) and/or large blue shifts relative to the galaxy rest frame (∆V < −150 km s −1 ). By this definition, the overwhelming majority (16/17 or 94%) of the Sy-ULIRGs for which we have been able to measure the emission line profiles in this study show evidence for kinematic disturbance in their nuclear regions. In contrast, only a small minority (3/16 or ∼19%) of the non-Sy-ULIRGs from Rodriguez Zaurin et al. 4 . This difference is significant at the ∼3σ level, strongly suggesting that the kinematically disturbed components are driven by the AGN in most cases, rather than by the circum-nuclear starbursts. Significantly, the one Sy-ULIRG that shows no clear signs of nuclear kinematic disturbance -F12112+0305 -is also the object that presents the weakest evidence for Seyfert-like AGN activity based on its line ratios -falling close to the AGN/HII composite region in the diagnostic diagrams of Yuan et al. (2010) ; it also has the lowest [OIII] emission line luminosity of all the Sy-ULIRGs in our sample (see Table 1 ).
At first sight these results may seem in contrast with those of and who studied a sample of 39 ULIRGs and found evidence for disturbed kinematics in the majority of the objects in their sample, which is dominated by non-Sy ULIRGs. However, the spectroscopic dataset has higher spectral and spatial resolution than ours. In addition, the sizes of the extraction apertures are different from those used in this paper. Therefore, it is likely that they detect some broad components that are not observed in our spectra. Finally, and used a different modeling approach from the one we use here (i.e. a "simplest model approach"). As a result, their kinematic models for the nuclear emission lines in some of the sources in their sample comprise more than one kinematic component, regardless of whether the additional components are actually required to produce an adequate fit. Figure 1 and Table 2 demonstrate a striking diversity in the emission line profiles of Sy-ULIRGs. The profiles range from the complex, multi-component profile visible in F14394+5332, through the case of IRAS F17044+6720, in which there is a single broad, blueshifted component along with a strong narrow component, to the case of F23389+0300, which has a strong, and extremely broad component that makes up a large proportion of the flux, yet is barely shifted relative to the narrow component. The minimum number of Gaussian components required to fit the individual emission lines ranges from 2 to 5, with 7 objects (∼41%) requiring two, 7 objects (∼41%) requiring three, 2 objects (∼12%) requiring four, and 1 object (F14394+5332) requiring five components for an adequate fit. However, it is important to note that, in the two cases -F23060+0505, F23233+2817 -where a fourth component is required to adequately model the emission lines, the relative flux contribution of this fourth component is relatively small. Therefore, its FWHM and shift with respect to the narrow component are relatively unconstrained.
The diversity of emission line profiles
In terms of determining the direction and magnitude of the velocity shift of any kinematically disturbed component, it is important to carefully determine the rest frame velocities of the ULIRG host galaxies (see Holt et al., 2003 Holt et al., , 2006 Holt et al., , 2008 . In the absence of other indicators (e.g. accurate stellar kinematics) the best way to do this is to compare the kinematics of the extended narrow components along the slit with the various kinematic components detected in the spatially-integrated emission line profile of the 5 kpc aperture. For example, if the undisturbed gas shows a rotation curve across the nucleus, the component in the spatially-integrated emission line profile that corresponds to the galaxy rest frame will have a wavelength corresponding to the centroid of the blue and redshifted components on either side of the nucleus. In the majority of the cases in which we have spatially-resolved information on the narrow line kinematics, we find that the redmost narrow component in the spatially integrated profile coincides with the galaxy rest frame. However, in two cases -F17179+5444 and F23060+0505 -a narrow and a relatively low-FWHM intermediate component (FWHM = 515 ± 33 km s −1 ), or two narrow components, are present in the nuclear line profiles, each corresponding to the velocity shift of the spatially resolved gas on one or other side of the nucleus. In these cases, the observed narrow line splitting is likely to represent unresolved rotation, or to trace a large-scale bipolar outflow in the gas (see, for example Holt et al., 2008) . In these two cases we used the average of the wavelengths of the two narrow components to define the galaxy rest frame.
With the exceptions of F17179+5444 and F23060+0505, the velocity shifts listed in Table 2 are defined relative to the redmost narrow component fitted in the 5kpc aperture spectrum. It is clear that the broadest kinematic components in each object are significantly blueshifted relative to the galaxy rest frames in all cases except F13428+5608 and F23389+0300. In the case that the emission line clouds suffer extinction by a general field of dust in the nuclear regions of the galaxies, rather than by dust in the clouds themselves, this implies that in most cases the gas is undergoing a radial outflow from the nucleus.
Finally, we can define the flux weighted mean line width and velocity shift of the disturbed kinematic components as:
where Fi, F W HMi and ∆Vi are the fluxes, FWHM and
The nature of the nuclear outflows in Sy-ULIRGs 13 velocity shifts of all the intermediate and broad kinematic components with respect to the rest frame. The results are shown in Table 4 . For our sample of 16 ULIRGs, we find values in the range of 797 ≤ F W HMw ≤ 2223 km s −1 with a mean and median values of 1253 km s −1 and 1336 km s −1 respectively. In the case of the ∆Vw we find vaues in the range -942 < ∆Vw < 47 km s −1 with mean and median values of -406 km s −1 and -333 km s −1 respectively. Figure 2 shows F W HMw and ∆Vw plotted against the total [OIII]λ5007 emission line luminosity (L [OIII] ) from column 6 of Table 1 . This figure is designed to investigate any possible correlation between the properties of the outflows and the AGN power, as indicated by the L [OIII] luminosity, which is often considered to be a reliable AGN bolometric indicator (e.g. Dicken et al., 2010; LaMassa et al., 2009 LaMassa et al., , 2010 . However, we do not find any clear correlation between L [OIII] and either the shifts or the widths of the outflows observed at optical wavelengths, for the galaxies in our sample. Our results suggest that the kinematic properties of the AGN-induced outflows present in Sy-ULIRGs are not strongly dependent in the instantaneous AGN radia- reason for this lack of a correlation is that the [OIII] luminosity represents the AGN power on the timescale of the light crossing time of the narrow line region (tNLR < ∼ 10 4 yr), but the AGN activity may be highly variable within the ∼ 10 8 yr timescale of the final stages of gas-rich mergers represented by the ULIRGs. In this case, the instantaneous [OIII] luminosity might not provide a good indication of average AGN power over the entire activity cycle. Alternatively, because of the substantial extinction on a kpc-scale in the NLRs of ULIRGs, the [OIII] luminosity may not be as reliable an indicator of the AGN bolometric luminosity as it is in other types of active galaxies. Indeed, many ULIRGs show compelling evidence for AGN activity at mid-IR wavelengths (Veilleux et al., 2009 ), but no sign of such activity at optical wavelengths.
Unfortunately, estimating the reddening is challenging based on our existing data. Hα is in a blend, and there are potentially degeneracies involved in the fits that may affect the accuracy of the line ratio measurements, especially in cases with highly complex, multiple-component line profiles. Nonetheless, we used the Hα/Hβ ratios in Table 3 to calculate a "crude" estimate of the de-redenned [OIII] luminosities. We then used these de-reddened luminosities to reproduce Figure 2 and obtained identical results, i.e. no trends and correlations are found. Furthermore, we carried out the same excercise but using the [OIV]25.89 luminosities from Veilleux et al. (2009) , which are a more reliable AGN luminosity indicator and are available for 9 ULIRGs in our sample. The results obtained are identical to those of the previous attempt, i.e., no trends and correlations are found.
The spatial scales of the kinematically disturbed regions
Our analysis of the emission line profiles has concentrated on spatially integrated, 5 kpc diameter aperture, data. However, in order to properly quantify the outflows it is important to attempt to estimate their spatial extents within the apertures. Spatially resolved, kpc-scale emission line outflows are found in many Seyfert galaxies, and directly detected in one low-z Sy-ULIRG (Mrk231: see Rupke & Veilleux 2011) . Moreover, Alexander et al. (2010) and Harrison et al. (2012) have recently found evidence for outflows on a scale of 4 -15 kpc in a sample of high-z ULIRGs.
In contrast, HST emission line imaging of the outflows in two radio-loud ULIRGs -PKS1345+12 and PKS1549-79 -shows that they are significantly more compact, with radial extents of only ∼100 -200 pc (Batcheldor et al., 2007) .
Therefore, the radial extents of the AGN-induced outflows in the Sy-ULIRGs in the local Universe are highly uncertain. Based on visual inspection of our 2D long-slit data, we find that the dominant broad/intermediate kinematic components are generally confined to the central few pixels -on a similar scale to the seeing FWHM estimated by the DIMM seeing monitor at the time of the observations. More quantitatively, we have extracted the continuum-subtracted spatial profiles of the [OIII] emission from the 2D frames and fitted Gaussians to the central cores of the profiles. We show the results in column 4 of Table 4 , quantified as F W HM/2 in units of kpc. We find that the [OIII] FWHM estimates are comparable with the DIMM seeing estimates at the times of the observations for ∼56% of the objects in our sample. Moreover, in some objects the spatial profiles may be dominated by spatially resolved narrow components. Therefore, in most cases the numbers presented in column 4 of Table  4 are likely to represent upper limits on the true spatial extents of the near-nuclear warm outflows.
Overall, based on our measurements of the spatial profiles of the [OIII] emission in our sample of Sy-ULIRGs, and the direct HST imaging estimates of the scales of the outflow regions in PKS1345+12 and PKS1549-79 (Batcheldor et al., 2007) , it is likely that the radial extents of the near-nuclear outflows fall in the range 0.1 < r < 3.5 kpc.
DISCUSSION
4.1 Are the outflows jet-driven? Spoon & Holt (2009) found evidence for a correlation between the width of the mid-IR [NeIII] line at 15.56 µm and the 1.4 GHz radio luminosity (L1.4GHz), based on Spitzer IRS observations of a combined sample of ULIRGs and local Seyfert galaxies. The correlation is in the sense that some of the objects with the highest radio powers have the most extreme emission line kinematics, suggesting that the outflows might be jet-driven. Further evidence for jet-driven outflows in ULIRGs is provided by HST images which show that the outflow regions have similar scales to the relativistic radio jets in two of the most extreme radio-loud ULIRGs with high velocity outflows (Batcheldor et al., 2007) .
In Figure 3 we show the weighted mean velocity shifts and FWHM plotted against the radio powers listed in column 7 of Table 1. Note that an important caveat with interpreting this plot in terms of jet-driven outflows is that the radio emission does not necessarily have an AGN origin in the ULIRGs, but may instead be associated with the prodigious starburst activity. The vertical dashed line in 3 show the maximum radio power expected for the starburstrelated radio emission in the Sy-ULIRGs, as predicted on from their measured infrared luminosities and the wellknown correlation between radio power and infrared luminosity for starburst galaxies . From this it is clear that only four of the Sy-ULIRGs -F13305-1739, F13451+1232, F17179+5444, F23389+03000 -can be considered to have genuinely radio-loud AGN with L1.4GHz > 10 24.3 W Hz −1 . On the basis of Figure 3 there is no evidence for a strong correlation between radio power and emission line kinematics. Although it is certainly true that the two most radio-powerful objects in our sample -F13451+1232 and F23389+03000 -also display some of the most extreme emission line kinematics, the other two radio-loud Sy-ULIRGs show relatively quiescent kinematics. Moreover, the radioquiet majority of objects in our sample (L1.4GHz < ∼ 10 24 W Hz −1 ) encompass the same range of kinematic disturbance as the radio-loud objects, and some radio-quiet objects show emission line kinematics as extreme as those found in the radio-loud objects, with [OIII] emission line profiles dominated by broad, shifted components (e.g. F01004-2237, F14394+5332, F15130-1958, F15462-0450) . Therefore we argue that, while the emission line outflows can be driven by the jets in some Sy-ULIRGs, especially in cases where powerful relativistic jets have the same spatial scales as the emission line structures (e.g. F13451+1232 Holt et al., 2003 Batcheldor et al., 2007) , in most Sy-ULIRGs there is no clear evidence for such jet-driven outflows.
Ionization mechanisms

AGN and starburst photoionization
It is well known that starburst and AGN activity can co-exist in the nuclear regions of ULIRGs, both energy sources potentially contributing to the ionization the surrounding gas (e.g. Genzel et al., 1998; Farrah et al., 2007; Armus et al., 2007; Veilleux et al., 2009 ). Therefore it is interesting to determine whether there there is correlation between the emission line kinematics and the nature of the ionizing source(s). Figure 4 shows the standard, optical BPT diagnostic line ratio diagrams (Baldwin et al., 1981) . The lines drawn in the diagrams correspond to the the optical classification scheme of Kewley et al. (2006) . Overplotted on the figure are the results from our kinematic study. Blue squares, green triangles and red circles correspond to the narrow, intermediate and broad components respectively. The error bars have been calculated by combining the 5% uncertainty of the relative flux calibration in quadrature with the uncertainty associated with the model fits.
It is notable the line ratios obtained for most, if not all, the ULIRGs in our sample are consistent with a Sy2 classification. However, the figure demonstrates a clear trend with emission line kinematics: whereas the line ratios for the broad components (red circles) in most cases fall squarely in Seyfert part of the diagram, suggesting AGN photoionization as the dominant ionization mechanism, the line ratios for the narrow components (blue squares) measured in many objects fall in, or close to, the transition zone between HII region and Seyfert classifications -more consistent with a combination of the AGN and stellar photoionization; the ratios measured for the intermediate components (green triangles) tend to fall in between those of the narrow and the broad.
We emphasise that the trends in the emission line ratios with linewidth do not necessarily provide evidence for an ionization stratification in the AGN outflow regions themselves. Rather, they are naturally explained in terms of the varying contribution of the starburst activity to the ionization of the gas associated with each of the different kinematic components. For example, it is likely that starburst activity plays an important role in ionizing the gas associated with the narrow components in many of the objects. The importance of the starburst activity as an ionizing source gradually decreases for the intermediate component. Finally, in the case of the broadest kinematic component AGN activity is the dominant source of ionization. Note that the association between the ionization state of the gas and the line width provides further evidence that the broader (generally blueshifted) components are driven by the AGN rather than by the starburst components.
With the aim of better understanding the nature of ionization mechanisms responsible for the measured line ratios, Figure 4 also shows the Groves et al. (2004a) dusty, radiation pressure-dominated photoionization models for NLG in AGN. For these models we assume a hydrogen density nH = 1000 cm −3 (the only hydrogen density used in the Groves et al. 2004a paper) and twice solar abundance (2Z⊙). This later value was found by Groves et al. (2004b) to provide a better match to the line ratios measured in Seyfert NLR Groves et al. (2004b) . A grid of models for various values of the ionizing parameter (U0 = 0, -1, -2, -3, -4) and ionizing continuum SED power-law indicies (Fν ∝ ν α , α = -1.2, -1.4, -1.7, -2.0) is shown in the figure.
At first sight it is apparent that, with few exceptions, the line ratios of the intermediate and the broad kinematic components fall within the grids of models in the case of the diagram involving [OI]/Hα. However, these models fail to reproduce most of the line ratios for such components in the case of the [NII]/Hα diagram (and to a lesser extent in the case of the [SII]/Hα diagram). A possible explanation for this finding is that the emission line regions are more metal rich than we have assumed. In this context Figure 5 shows the [OIII]5007/Hβ vs [NII]6583/Hα diagram assuming nH = 1000 cm −3 and 4Z⊙ (the other two diagrams remain relatively unchanged after increasing the metallicity and therefore are not shown in the figure). It is clear from the figure that a 4Z⊙ abundance certainly improves the match between the models and our data. Therefore, the line ratios derived for the Sy-ULIRGs in our sample are consistent with gas of super-solar abundances that has been photoionized by a combination of starburst and AGN components, with the AGN photoionization dominating for the broad/shifted kinematic components.
Shock ionization
As well as photoionization by AGN and starburst activity, it is possible that line ratios plotted in Figure 4 can also be explained in terms of ionization by fast radiative shocks (Dopita & Sutherland, 1995 Groves et al., 2004a; Allen et al., 2008) . The shock models predict a series of line ratios for a range of magnetic field (B), electron densities (ne), abundances and shock velocities (vs). In addition, the predicted line ratios depend on the geometry of the shock, i.e. the presence of a photoionized precursor of the shock (see Allen et al., 2008 , for a detail discussion). Figure 6 shows the Allen et al. (2008) models with solar metallicity (Z⊙) and a pre-shock density of 100 cm −3 . Based on the results in the previous section, it might be more appropriate to use models with higher metallicities. However, the highest metallicity used in the Allen et al. (2008) Kewley et al. (2006) . The solid curves are the theoretical "maximum starburst line" derived by Kewley et al. (2001) as an upper limit for star-forming galaxies and the empirical boundary lines between Seyfert 2 galaxies and LINERs. The dashed curve on the [NII] diagram is the Kauffmann et al. (2003) semiempirical lower boundary for the star forming galaxies. The Groves et al. (2004a) grids of dusty, radiation pressure-dominated models are also plotted in the Figure. These grids have been generated assuming twice solar metallicity (2Z ⊙ ) and hydrogen density of n H = 1000 cm −3 . Gridlines corresponding to five values of ionizing parameter (U 0 = 0,-1,-2,-3,-4) and four values of power law index (Fν ∝ ν α , α = -1. 2, -1.4, -1.7, -2.0) are shown in the figure. To help the reader follow the gridlines these are grey-coded from "light-grey" to black, with light-grey and black corresponding to the lowest and highes values of U 0 and α respectively. Over-plotted on the diagrams are the results of our kinematic study. Blue squares are the line ratios corresponding to the narrow components, green triangles correspond to the intermediate component and red circles represent the broadest kinematic component.
ered. Therefore, we decided to use Z⊙, models since they sample the parameter space better.
One of the largest uncertainties in these models is preshock density. Assuming that we measure the density of the compressed post-shock gas in the kinematically disturbed emission line components that we detect in the ULIRGs in our sample, and the measured electron densities of these components are 1000 cm −3 (see section 4.3), then the preshock densities could be as low as 10 -100 cm −3 , since the compression factor in the cooled, post-shock gas can be high (∼10-100, see Dopita & Sutherland, 1995) . Therefore, we have assumed a pre-shock density of 100 cm ratios measured for their samples of Sy2 and luminous IR galaxies. For this reason, we decided to use such models for the work presented in this section. The potential effects of changing these assumptions is discussed later in the section. The gridlines correspond to 3 values of B from 1-100 µG (1, 10 and 100 µG), which are appropriate for starburst galaxies (Thompson et al., 2006) , and 9 values of vs (200, 300, 400, 500, 600, 700, 800, 900 and 1000 km s −1 ). The direction in which B increases is indicated in the figure with an arrow, while vs increases from bottom to top with 3 values (200, 400 and 1000 km s −1 ) indicated in the figure. As seen in the figure, most of the measured line ratio values do not fall within the region covered by the grids of shock models; the lack of agreement between the models and the data is particularly apparent in the diagnostic diagram that involves the [OI]/Hα ratio. However, the models have a relatively large number of free parameters (B, vs, ne and abundance) plus the additional possibility of including or otherwise the shock precursor component. Therefore, it is possible to cover wide ranges of line ratio values using different assumptions. For example, using twice solar abundance models with a pre-shock density of 1000 cm −3 instead of 100 cm −3 substantially extends the gridlines in the 3 diagrams (see Allen et al., 2008 , for details), providing a better match to the measured line ratios. We note that the line ratio values measured for some of the broad kinematic components fall outside the Allen et al. (2008) grids of shock models, or are only reproduced by the most extreme set of parameter values (e.g. ne = 1000 cm −3 and B = 1000 µG). Overall, we find that the line ratios measured for our sample of Sy-ULIRGs are, in general, better reproduced by photoionization models that include a combination AGN and starburst photoionization and in which the emitting gas highly enriched in metals. However, as pointed out by Dopita and collaborators (e.g. Dopita & Sutherland, 1995 Groves et al., 2004b; Allen et al., 2008) , it is not always possible to decisively distinguish between shock ionization and AGN photoionization using only the stronger optical emission lines included in the diagnostic plots of Figure  6 .
Physical conditions and reddening
Potentially, further clues to the nature of the emission line outflows may be obtained by considering the reddening and densities of the emission line components. For example, (Holt et al., 2003 (Holt et al., , 2011 found evidence that the broadest and most highly shifted emission line components in F13451+1232 (PKS1345+12) are also the most highly reddened, suggesting that the outflows are stratified and decelerating, with the fastest components associated with most highly reddened regions closest to the driving AGN. Similarly, if the most highly disturbed kinematic components are truly associated with the regions closest to the AGN, we might expect them to show evidence for higher densities than the less kinematically disturbed components.
On the outset, it is important to emphasize that estimating the reddening and densities for the broad, shifted kinematic components is challenging based on our existing data, because some of the key emission lines (e.g. Hα,
[SII]λλ6717,6731) are in blends, and there are potentially degeneracies involved in the fits that may affect the accuracy of the line ratio measurements, especially in cases with highly complex, multiple-component line profiles (see discussion in section 3.1).
To search for reddening gradients, we use the Hα/Hβ ratio, which, for typical NLR conditions and AGN photoionizing continuum shapes, is expected to have a value in the range 2.8 < Hα/Hβ < 3.1 in the absence of reddening (Gaskell & Ferland, 1984; Osterbrock, 1989) . Column 9 in Table 3 gives the Hα/Hβ line ratio values for the various kinematic components of the galaxies in our sample. At first sight, the modelling results appear to show evidence for a trend of increasing reddening with linewidth in four of the ULIRG Seyferts (F13451+1332, F14349+5332, F17179+544, F23060+0505). However, two objects apparently show the reverse trend (F00188-0856, F15462-0450), and in most cases there is no clear trend. Clearly, given the large uncertainties in the measured ratios -to some extent reflecting the degeneracies in the fits -the results are inconclusive.
The results are no more decisive when it comes to estimating the densities using the [SII](6717/6731) ratio (see the discussion of individual objects in the Appendix). While it has proved possible to derive accurate densities for the narrow emission line components in some objects (typical electron densities: 2.4 × 10 2 < ne < 3.6 × 10 3 cm −3 ), we have failed to measure accurate densities for the broader emission line components in any object. However, in the cases of F13305-1739, F13428+5608, F15462-0405 and F23233+2817, it has been possible to derive lower limits on the electron densities of the broad components of 9×10 3 , 6×10 3 , 4×10 3 and 4×10 3 cm −3 respectively. (2008) grids of shock-ionization models. These grids have been generated assuming a shock+precursor model with solar metallicity and preshock density of ne=10 cm −3 . Gridlines corresponding to 3 values of magnetic field (B = 1, 10 and 100 µG) and 9 shock velocity values (vs = 200, 300, 400, 500, 600, 700, 800, 900 and 1000 km s −1 ) are shown in the figure. The increasing direction of B is indicated with an arrow. In the case of the [SII]/Hα diagram B increases first to the right and then to left which is indicated with a curved arrow. vs increases always from bottom to top with 3 values (200, 400 and 1000 km s −1 ). As in the case of Figure 4 , the gridlines these are grey-coded from "light-grey" to black, with light-grey and black corresponding to the lowest and highest values of B and vs respectively.
Mass outflow rates and energetics
AGN feedback is now routinely incorporated into numerical simulations of the hierarchical growth of galaxies through major galaxy mergers. To reproduce the correlations between the masses of the black holes and the bulge properties (e.g. Silk & Rees, 1998; di Matteo et al., 2005) some of these models require that a relatively large fraction of the available accretion power of the quasars is thermally coupled to the circumnuclear ISM (∼ 5 -10%, e.g. Fabian, 1999; di Matteo et al., 2005 , but see Hopkins et al. 2010) .
As described in the introduction, ULIRGs represent just the situation modelled in many of the merger simulations that include AGN feedback. In order to investigate whether our observational results are consistent with those of the merger simulations, it is important to quantify the mass outflow rates and the kinetic powers of the outflows.
For a spherical outflow, the mass of the ionized gas in
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where ne is the electron density, mp the mass of the proton, V is the total volume and ǫ is the gas filling factor (Osterbrock & Ferland, 2006) . Therefore, for a steady state outflow, the mass outflow rate (Ṁ ) is:
where vout is the velocity of the outflow and A is surface area of the outflowing region. Also, filling factor ǫ is related to the Hβ luminosity, the electron density ne and the emitting volume V by: 
For a spherical outflow geometry this reduces to:
Hβ hν Hβ ner
where r is the radius of the spherical volume. In addition, the kinetic power of the outflow (Ė) is related to the velocity dispersion (σ ≈ FWHM/2.355), mass outflow rate and outflow velocity by:Ė
The main uncertainty in calculating the mass outflow rates, and hence the kinetic powers of the outflows, is related the electron density. Unfortunately, as we saw in the last section, due to degeneracies in the fits to the [SII] lines, the densities are relatively unconstrained for the broad, shifted components in most of the objects in our sample. In this case, the densities could range from the relatively low values typically determined for the spatially-resolved NLR in some objects (ne ∼ 100 cm In order to gain an impression of the range of possible mass outflow rates and kinetic powers for the warm outflows in the Sy-ULIRGs, we have calculated upper and lower limits on these quantities, based on the emission line kinematics from Table 2 and assuming that ∆V = Vout for each of the kinematic components. To derive the lower limits we have used the high density estimated by Holt et al. (2011) for the broadest component in F13451+1232 (ne = 5 × 10 5 cm −3 ), the upper radius limits given in column 4 in Table 4 , and Hβ luminosities that have not been corrected for reddening; whereas for the upper limits we have assumed a density of 100 cm −3 , a radius of 0.1 kpc, and the reddening-corrected Hβ luminosities. Note that low densities, small radii and high Hβ luminosities favour highly massive and energetic outflows. In the case of F13451+1232, the density, reddening corrected Hβ luminosity, and radius of the outflow are know relatively accurately from the studies of Batcheldor et al. (2007) and Holt et al. (2011) ; for this object we have used the results from the latter studies to calculate the outflow properties.
As expected, with the exception of F13451+1232, the estimates of the outflow properties are highly uncertain, and encompass several orders of magnitude in both mass outflow rate and kinematic power for individual kinematic components in individual objects. Across our sample we find upper limiting mass outflow rates in the range 1 < M < 1.5 × 10 3 M⊙ yr −1 and upper limiting kinetic powers in the range 5 × 10 41 <Ė < 2 × 10 45 erg s −1 . To put these numbers into context, we can compare them with the bolometric radiative powers of the AGN, which provide an indication of the available accretion power of the material being accreted onto the super-massive black holes. We calculate the bolometric luminosities of the individual AGN by multiplying the infrared luminosities from Table 1 by the fractional contributions of the AGN to the infrared light from mid-IR spectroscopic study of the QUEST sample by Veilleux et al. (2009) 5 , obtaining values in the range 2 × 10 45 < L AGN BOL < 6 × 10 45 erg s −1 . Therefore, considering the extreme high end of the upper limits, the warm outflows in Sy-ULIRGs can have kinetic powers that are comparable with the radiative luminosities of the AGN, However, at the lower end of the range of upper limits -including F13451+1232 with its more preciseĖ estimates (see Holt et al., 2011 ) -the kinetic powers of the outflows are only a small fraction of the bolometric luminosities (<0.5%) -well below the levels required by some of the models (e.g. Silk & Rees, 1998; Fabian, 1999; di Matteo et al., 2005) , but perhaps consistent with the two stage feedback mechanism described by Hopkins & Elvis (2010) .
The discrepancy with the models grows even stronger if we consider the range of lower limiting mass outflow rates and kinetic powers encompassed by our sample: 4 × 10 −5 < M < 4 × 10 −3 M⊙ yr −1 and 4 × 10 35 <Ė < 2 × 10 39 erg s −1 . If these values proved correct, the AGN outflows would have a negligible impact on the overall evolution of their host galaxies.
Comparison with the emission line kinematics of other samples of Seyfert galaxies and other types of AGNs
The hydrodynamical models predict that the AGN-induced outflows should be particularly strong in the final stages of the type of major, gas rich mergers represented by ULIRGs. Therefore it is interesting to consider whether the degree of kinematic disturbance in ULIRGs with optical Seyfert nuclei is unusual compared with samples of non-ULIRG AGN. 
Comparison with previous kinematic studies of the NLR in Seyfert galaxies
For our first comparison, we use the Heckman et al. (1981) , Whittle (1985) , Nelson & Whittle (1995) and Veilleux (1991a) studies of the narrow emission ine kinematics in samples of local Seyfert and radio galaxies. In general, although these samples are likely to be representative of nearby Seyfert galaxies, their selection criteria are not well defined. The exception is the Veilleux (1991a) sample, for which the objects have δ > ∼ -25
• and F([OIII] < ∼ 5007) ≥ 1×10 −13 erg s −1 cm −2 (see Veilleux, 1991a , for a discussion of the potential biases due to their selection criteria). The general properties of these samples are compared with those of the Sy-ULIRGs in Table 5 . We note that, although these samples encompass a similar range of [OIII] emission line luminosity to our Sy-ULIRG sample, they tend to contain a higher proportion of lower luminosity objects.
The previous studies of nearby Seyfert galaxies investigated the kinematics of the NLR using a parameter scheme based on cuts across the profiles at different heights. We will concentrate here in the so called asymmetry (AI20) and kurtosis (K1) parameters as defined by Heckman et al. (1981) and Whittle (1985) as follows:
where W L20 and W R20 are the widths to the right and left of the line center defined at the 80% intensity level (C80), and:
where W 50 and W 20 are the widths at 50% and 20% intensity level (i.e W 50 ≡ F W HM of the line). The kurtosis K1 parameter is defined such that for a Gaussian K1 = 1.0. Line profiles with K1 values lower or higher than 1 are called platykurtic ("peaky") or leptokurtic ("stubby") respectively. (e.g. IRAS F14394+5332), the wavelength of peak of the intensity (i.e. C80) is defined using the kinematic component at rest frame. In addition, in the case of the Sy1 IRAS F15130-1958, we used our modelling results to subtract the FeII emission prior to calculating the parameters. Figure 7 shows AI20 plotted against K1 and W 20. Nelson & Whittle (1995) do not provide the center at 20% intensity level in their paper and therefore it is not possible to estimate the AI20 parameter for the objects in their sample. At first sight, the figure shows the well-known tendency for the [OIII]λ5007 in Seyfert galaxies to have blueward asymmetries (Heckman et al., 1981; Whittle et al., 1988) . In addition, the upper panel of the figure shows that, although the values of the different parameters found for the Sy-ULIRGs are consistent with the main body of points for the 4 comparison samples, a significant proportion (at least 5 of 17, 30%) are outliers in these plots. Moreover, the lower Heckman et al. (1981) . Open blue diamonds: Whittle (1985) . Open green triangles: Veilleux (1991a) . Filled red circles: our sample of Sy-ULIRGs. AI20 values higher (lower) than 0 indicate blueward (redward) asymmetries, while K1 values lower (higher) than 1 indicate "peaky" ("stubby") profiles. for a perfectly symmetric profile AI20 = 0, while K1 = 1 for a Gaussian profile. Lower panel: the asymmetry AI20 plotted against W20.
panel in Figure 7 shows that Sy-ULIRGs have, in general, broader emission lines that the objects in the comparison samples. It is also apparent in the figure that all three of the objects with the most asymmetric profiles are Sy-ULIRGs.
To investigate the possible differences between nonULIRGs Seyfert galaxies and Sy-ULIRGs, Table 7 shows the mean values and estimated uncertainties for AI20, K1, W 20 and W 50. We note that our observations of Sy-ULIRGs have a lower spectral resolution than those of most of the comparison samples of Seyferts. Lower spectral resolution will generally result in larger line widths and lower asymmetry indices (see Veilleux, 1991b) . Since the AI20 values for the Sy-ULIRGs are higher on average than those for the comparison samples, despite the possible resolution effects, the results in the table provide strong evidence that, in general, the emission lines of the Sy-ULIRGs are more asymmetric that those of non-ULIRGs Seyfert galaxies. Furthermore, the W 20 values (and to a lesser extent the W 50 values) for the Sy-ULIRGs are substantially higher than those of the objects in the comparison samples. Therefore, even allowing for resolution effects 6 , our results also suggest that the Sy-ULIRGs have broader emission lines compared to nonULIRGs Seyfert galaxies.
To further investigate the statistical significance of any differences between the kinematic properties of the SyULIRGs and the non-ULIRG Seyferts we have performed a variety of statistical tests. In the first instance, we used the 2D KS test of Peacock (1983) to investigate the significance of the differences between the positions of the Sy-ULIRGs and the comparison samples in Figure 7 . The results are shown in Table 8 . We find that, especially considering the comparison with all the Seyfert galaxy samples combined, the differences are significant at the > ∼ 3σ level
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We have also compared the distributions of AI20, K1, W 50 and W 20 separately using a 1D two sample KS test. The results are consistent with those of the 2D KS test of Peacock (1983) and are shown in Table 9 . We find that, although the emission line in Sy-ULIRGs are not particularly more "peaky" or "stubby" than those of the comparison samples, they tend to be more asymmetric, and they are certainly broader: the difference between the W20 and W50 parameters for the Sy-ULIRGs in our sample and the objects in the comparison samples is significant at the > 3σ level.
At this stage is important to note that, while the comparison samples include a significant fraction of broad line Seyfert 1 galaxies, our sample of Sy-ULIRGs includes only one such object. This could be a problem if the NLR kinematics depend on Seyfert type (e.g. because of orientation effects). In this context, the results of Heckman et al. (1981) show that galaxies with a significant BLR component have, on average, narrower [OIII] lines that those that do not have such components. However, the more comprehensive studies of Whittle (1985) and Nelson & Whittle (1995) , found no evidence for differences between the line width distributions of Sy1 and Sy2 galaxies of similar [OIII] luminosity and bulge properties. To explore any potential biases due to the different proportions of Sy1 objects in the Sy-ULIRG and comparison samples, we have repeated the analysis described above but this time including only in those objects classified as Sy2 for each individual sample. The results are consistent with the previous results described in this section, although with slightly less significance in the case of the AI20 parameter.
To summarise, these results provide evidence that the emission line kinematics of the Sy-ULIRGs are more highly disturbed than those of the non-ULIRGs Seyferts in the comparison samples. Indeed, three of the objects in our sample show more extreme emission line kinematics than any of Seyfert galaxies in the comparison samples. However, we emphasize that the size of our Sy-ULIRGs sample is relatively small. Therefore, the results from the K-S test must be interpreted carefully. Observations of larger samples of Sy-ULIRGs will be required to put this result on a firmer statistical footing. Whittle (1985) found evidence -albeit weak -for correlations between the emission line kinematics and the luminosities of the associated of AGN. Given that the Seyfert galaxy comparison samples considered in the previous section contain a higher proportion of objects with low [OIII] luminosities than our Sy-ULIRG sample, it is therefore important to make comparisons with samples than include higher luminosity objects. For this purpose we use the following three AGN samples: the Palomar-Green (PG) sample of nearby quasars (Boroson et al., 1982; Rose et al., 2012) , the Jin et al. (2012) samples are compared with those of the Sy-ULIRGs in Table  10 . We use the velocity shifts and FWHM of the broad and intermediate emission line components as our main indicators of the degree of kinematic disturbance. A complication with this approach is that individual objects -including many of the ULIRGs discussed in this paper -may have two or more broad and/or intermediate emission line components. In such cases we use the flux weighted mean shift and FWHM of the broad and intermediate emission line components (defined in Section 3.3); this yields single estimates of the shift and FWHM for each object and allows fair comparison of the degree of kinematic disturbance between the various samples. Note that all the velocity shifts and FWHM are measured relative to the rest frames of the host galaxies, and narrow emission line components (by our definition FWHM < 500 km s −1 ) are not included in the analysis. Figure 8 shows the velocity shift plotted against the FWHM for the Sy-ULIRGs and the three comparison samples. Again, the figure shows the well known tendency for the kinematically disturbed components to be blueshifted relative to the host galaxy rest-frames. Also, there is a tendency for the objects with the largest blueshifts to have the largest FWHM (see also Spoon & Holt, 2009) , although the converse in not true, indeed the object with the largest FWHM -the Sy-ULIRG F23389+0300 -shows a slight redshift. Consistent with the results of the previous section, we find that, although a significant proportion of the Sy-ULIRGs fall within the main envelope of points defined by the three comparison samples (∆V > −500 km s −1 , F W HM < 1500 km s −1 ), 50% are outliers on these plots with ∆V <-500 km s −1 and/or F W HM > 1500 km s −1 ; this proportion is higher that found in the PG quasar (15%), unobscured type I (12%), and 2MASS (34%) samples. We further note that detailed examinations of the spectra of the objects in the high luminosity comparison samples reveals no objects with the type of highly structured, extremely blueshifted, multiple component [OIII] emission profiles that are observed in the Sy-ULIRGs F13451+1232 and F14394+4332.
Comparison with the emission line kinematics of other types of AGN
We again use the Peacock (1983) 2D KS test to investigate the significance of the differences between the positions of the Sy-ULIRGs and the comparison samples in Figure  8 . The results are shown in Table 11 . From this it is clear that we can reject the null hypothesis that the Sy-ULIRGs, PG quasars and unobscured type I AGN objects are drawn from the same parent population at the ∼2% (∼ 2σ) level of significance, but do not find a statistically significant difference between the Sy-ULIRGs and the local 2MASS AGN population. Table 12 . The results of the 1D two sample KS tests, comparing the FWHM and velocity shift distributions for our sample of SyULIRGs with those of the three comparison samples.
We have also compared the distributions of FWHM and velocity shift separately using a 1D two sample KS test. The results shown in Table 12 reveal that the most significant differences are between the distributions of FWHM for the Sy-ULIRG and the PG Quasars, with the difference significant at the 0.3% (∼ 3σ) level. This difference is consistent with that found between the line widths of the Sy-ULIRG and non-ULIRG Seyfert comparison samples in the previous section 8 . The differences between the 1D distributions of velocity shift for the Sy-ULIRGs, PG quasars and Unobscured Type I samples are less significant and, consistent with the results of the 2D KS test, the 1D tests provide no evidence for significant differences between the FWHM and velocity shifts when comparing the Sy-ULIRGs with the local 2MASS sample.
Together, the results of this section show a tendency for the Sy-ULIRGs to display a higher degree of kinematic disturbance than the PG quasars and unobscured type I AGN, but again observations of larger samples of Sy-ULIRGs will be required to strengthen the statistics. 
CONCLUSIONS AND FUTURE WORK
Most of the recent investigations of outflows in ULIRGs have focussed on observations of the neutral and molecular gas (e.g Rupke et al., 2005c; Fischer et al., 2010; Rupke & Veilleux, 2011; Sturm et al., 2011) . These have revealed massive, highly energetic outflows in several objects, supporting the view that the feedback effect associated with the outflows can have a significant impact on the evolution of the host galaxies. However, there remain questions about whether these molecular and neutral outflows are driven by the circum-nuclear starbursts or by the AGN that are found in the nuclei of some of the sources. Indeed many such studies have failed to find significant differences between the outflows in ULIRGs with and without powerful AGN (e.g. Rupke et al., 2005c) .
Given that (a) we find that a significantly higher fraction of the ULIRGs with optical Seyfert nuclei show evidence for nuclear outflows than those lacking such nuclei, and (b) the outflow components have line ratios consistent with AGN-rather than starburst-photoionization, it is highly likely that the nuclear outflows in the Sy-ULIRGs are indeed driven by the AGN. We also find that the SyULIRGs present outflows that are are more extreme than those in samples of local non-ULIRG Seyfert galaxies.
Clearly there is now evidence that the AGN associated with ULIRGs drive warm outflows. What remains uncertain is whether these outflows are sufficiently energetic and massive to affect the star formation histories and evolution of the host merger remnants. In section 3.8 we estimated the ranges of mass outflow rates and kinetic powers that are consistent with our observations. At the upper end of the range, the mass outflow rates and kinetic powers of the warm outflows in Sy-ULIRGs are comparable with those typically estimated for the neutral outflows detected using the optical NaID lines (6 <Ṁ < 400 M⊙yr −1 ; 3 × 10 40 <Ė < 10 44 erg s −1 : Rupke et al., 2005b,c; Rupke & Veilleux, 2011 ) and the molecular outflows using the hydroxyl molecule OH (Sturm et al., 2011, up to 1.2×10 3 M⊙ yr −1 ), and would be likely to have a major impact on the host galaxies. On the other hand, if the lower limiting estimates were to prove more typical of the true outflow properties, the warm outflows would be insignificant compared with the neutral and molecular outflows, and therefore unlikely to significantly affect the evolution of the host galaxies.
Despite the high degree of uncertainty, there is cause for optimism that the mass outflow rates and kinetic power estimates will be substantially improved in the near future. In particular, using the transauroral [OII] and [SII] line ratios it will be possible to make density and reddening estimates that are considerably more precise (see Holt et al., 2011) ; the outflow radius estimates will benefit from HST narrow-band (e.g. Batcheldor et al., 2007) and AO-assisted near-IR imaging; and the reddening (and hence Hβ luminosities) will be further refined by combining optical and near-IR measurements of the hydrogen recombination line fluxes.
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F00188-0856 is one of the two cases (along with F23327+2913), for which the [OIII]λλ4959,5007 and Hβ emission lines have a low equivalent width, and are potentially affected by noise and residual structure in the underlying continuum. Therefore these lines are not, in this case, suitable for deriving a model to fit to the other lines in the spectrum. For this object, we used the approach of first fitting the Hα+[NII] complex and then modelling the other emission lines in the spectrum with the same components and the same velocity widths and shifts as Hα. In addition, due to the presence of a telluric absorption feature that coincides with the location of the [SII]λλ6716,6731, it was not possible to model this emission blend 9 . The results of the Hα+[NII] modelling are shown in Figure 1 .
The best fitting model comprises two components: a narrow component with FWHM = 269 ± 5 km s −1 plus an intermediate component with FWHM = 904 ± 75 km s −1 blueshifted by -253 ± 36 s −1 with respect to the narrow component. Using these results is possible to measure the line ratios associated with each individual component and then study the corresponding ionization mechanisms using the already mentioned Kwl06 classification scheme. We find that the line ratios associated with the narrow component are consistent with a composite spectral type (CP) or LINER, while those corresponding to the intermediate component are consistent with Sy2 ionization, but lie close to the Sy2/LINER limiting region.
F01004-2237. The optical spectrum of this single nucleus system shows a mixture of HII and Sy2 features (Veilleux et al., 1999) . However, it was classified as a "Sy2:" in the work of Yuan et al. (1010) and therefore, included it in our sample. Due to the number of components, the degeneracy between the different models that adequately fit the emission line profiles is a relatively important issue for this object. F13305-1739 F13305-1739 has by far the highest emission line luminosity of all the objects in our sample (see Table 1 ); its [OIII] emission line luminosity would lead to it being classified as a type II quasar according the the criteria of Zakamska et al. (2003) , and it shows a rich emission line spectrum from the UV ([MgII]λ2798) to the red end ([SII]λλ6716,6731) of its spectrum. Figure 1 shows the [OIII] model that successfully fits all the other emission lines detected in the optical spectrum of this source. Clearly, the broad/shifted components dominate the [OIII] emission line flux in this case.
We use the case of F13305-1739 as an example of our modelling technique, and Figure 9 shows the modelling results obtained for all the emission lines using the so called [OIII] model. This model comprises three comp: a narrow component (FWHM=435±25 km s −1 ), a first broad component (B1) with FWHM of 1276±29 km s −1 blueshifted by only -36 ± 14 km s −1 with respect to the narrow component and a second, broad component (B2) with FWHM of 1685±286 km s −1 and blueshifted by -281±29 km s −1 with respect to the narrow component. Figure 9 shows that, in general, the B1 component dominates the flux contribution for the majority of the emission lines detected.
As in the case of F01004-2237, degeneracy is an important issue in the case of F13305-1739. When the intensities of the different components were left as a free parameter during the modelling the [SII]6716/6731 line ratio was higher than 1.42 (the low density limit) for the narrow component, but but this ratio was lower than 0.44 (the high density limit) for the two broad components (i.e., the results were unphysical). Using the same approach described before, we estimate a lower limit for the intensity ratio [SII]6716/6731 of 1.2 for the narrow, component and an upper limit of 0.6 for the broad components.
In terms of the ionization mechanisms, the line ratios measured for all three kinematic components are consistent with Sy2 ionization. Note that the approach used when modelling the [SII]λλ6716,6731 doublet does not significantly change these result.
F13428+5608 (Mrk273)
. This well-known ULIRG is the closest in our sample of Sy-ULIRGs (z = 0.037), and in optical images shows an impressive tidal tail that extends over 30 kpc towards the south of the galaxy. A double nucleus structure is visible at near-IR Majewski et al., 1993; Knapen et al., 1997; Scoville et al., 2000) and radio (Ulvestad, 1984; Cole et al., 1999) wavelengths, with a nuclear separation of ∼ 700 pc, although the two nuclei are unresolved in our spectroscopic data.
As shown in Figure 1 , the best fitting model for this galaxy includes two components: a narrow component with a FWHM of 449±7 km s −1 plus a broad component with a FWHM of 1369±62 km s −1 that is redshifted by 14±12 km s −1 with respect to the narrow component.
We find that, when the intensities of the two components are left as free parameters during the modelling of the Hα+[NII] complex, the [NII]λ6583/Hα line ratio measured for the broad component (FWHM = 1369 km s −1 ) is significantly higher than 3, which, based on the results of Yuan et al. (2010) , can be considered as an upper limit for this line ratio. In addition, the [SII]6716/6731 line ratio obtained for the broad component is outside the allowed range (i.e.
[SII]6716/6731 < 0.44, the high density limit). Therefore, as discussed before, we set the value of the [NII]λ6583/Hα line ratio to 3 and the [SII] 6716/6731 line ratio at the high density limit. Then we gradually increased the value of the [SII]6716/6731 line ratio until the overall fit was poor, which occurred at the value of 0.8.
In terms of the ionization of the gas, the line ratios measured for the narrow component lie close to the limiting regions between CP and narrow line AGN (NLAGN) ionization, and LINER and Seyfert2 galaxies in the Kwl06 classification scheme. On the other hand, the line ratios measured for the broad component are consistent with Sy2 ionization. Note that the approach used when modelling the Hα+[NII] complex and the [SII]λλ6716,6731 doublet does not change this result.
F13451+1232.
A detailed discussion of the spectacular emission line kinematics this object can be found in Holt et al. (2003) and Holt et al. (2011) .
F14394+5332. F14394+5332 shows the most spectacular [OIII] emission line kinematics of all the objects considered in this paper (see Figure 1) , with the clear detection of three distinct narrow components, as well as an underlying broad component. Based on our analysis of the spatially extended [OIII] emission line kinematics in this object, the redmost narrow component in the integrated spectrum represents the galaxy rest frame. In this case, the two other narrow components are blueshifted by -700 and -1360 km s −1 relative to the rest frame, and the underlying broad components are also blueshifted; clearly this is a case in which the compenents that are broad and/or blueshifted dominate the [OIII] emission line flux. The multi-component nature of the [OIII] lines in this object was also detected by Lípari et al. (2003) The fact that the discrete blueshifted [OIII] emission lines components are not clearly detected in the other lines, many of which have similar total emission line fluxes, immediately implies that the gas emitting these blueshifted narrow components has a high ionization state. Nonetheless, the low ionization lines do show some evidence for kinematic disturbance in the form of blue wings. Overall, we find that we can obtain an acceptable fit to all the low ionization and Balmer lines in the nuclear spectrum using a model that includes a narrow component with the same kinematic properties as those of the redmost (rest frame) narrow component detected in the [OIII] line, plus two broad components blueshifted shifted by -156 and -1574 km s −1 with FWHM of 1272 and 1401 km s −1 respectively. We also find that we can fit the [OIII] profiles with the same two broad components plus the three narrow components described above; this is fit is shown in Figure 1 , and all the corresponding fit components are listed in Table 2 .
To get some idea of the ionization of the kinematically disturbed emission line components, we have compared the sum of the fluxes of all the blueshifted components of [OIII] (2 narrow + 2 broad) with the sum of the fluxes of the Table 2 ) and the two broad components respectively (referred as B1 and B2 in Table 2 ). The figure shows that the blueshifted narrow lines (N2 and N3) are not clearly detected in the lower ionization lines such as Hβ or [NI]λ5200.
blueshifted components fitted to the lower ionization lines (2 broad). The resulting line ratios are labelled "B" in Table  3 . Interestingly, despite the fact that the discrete blueshifted narrow components in [OIII] must be emitted by gas with a very high ionization state, the overall B line ratios are low ionization in character, with [OII]/[OIII]∼ 1 and [OIII]/Hα ∼ 1, although more consistent with AGN than starburst heating 11 . On the other hand, the line ratios for the red narrow component fall squarely in the HII/AGN region of all three diagnostic diagrams.
Clearly, the extraordinary kinematical and ionization properties of this source warrant further investigation with higher resolution and S/N optical spectroscopy. Finally, we note that the line ratios of I1 are consistent with NLAGN ionization or fall close to the LINER/Sy2 limiting region in the optical diagrams, whereas the values measured for the I2 and broad components are consistent with Sy2 ionization.
F15462-0450. This is the only Seyfert 1 galaxy included in the sample discussed in this paper. Figure 1 shows the best fitting model obtain from fitting simultaneously the Hβ, [OIII]λλ4959,5007 and the broad FeIIλλ4924,5018
12 emission lines, typical of Sy1 galaxies. Due to the large number of emission lines close together in wavelength and bearing in mind that multiple (and broad) kinematic components contribute to each individual emission line, clearly overcoming the degeneracy issue is not easy in the case of F15462-0450.
Overall, we find that the Balmer lines (Hδ, Hγ,Hβ and Hα) are adequately fitted using three kinematic components: a narrow component of width 147 ± 47 km s Table 2 ). Note that the broad component dominates the [OIII] emission line flux in this object.
Note that the broad component associated to the forbidden lines (B) it is still required to adequately model the Given the fact that the broad component present in the forbidden lines is not clearly detected in the Hα emission line, no attempt to study the ionization mechanisms was made for that component. Interestingly, the line ratios measured for the narrow component detected in all lines are consistent with HII ionization.
F16156+0146.
For the study presented here we used the 5kpc-I aperture described in the work of Rodríguez Zaurín et al. (2009) . This aperture samples the north-western nucleus of this double nucleus system, which is associated with the AGN activity. This is one of the four objects in our sample (along with F13451+1232, F14394+5332 and F23389+0300) for which is not possible to find one model that fits all the emission lines observed in the optical spectrum. However, it is possible to model all the emission lines using two different approaches. A first approach in which a different model is used for each of the observed optical spectrum, and a second one in which we use two models: one that adequately fits the [OIII]λλ4959,5007 emission lines, and a second model that fits all the other optical emission lines well.
The best fitting model for [OIII]λλ4959,5007, which is the same for the two approaches, is shown in Figure 1 Overall, the fact that we do not find one adequate model for all emission lines suggest that, instead of a discrete number of kinematic components, there may be a continuous range of density, ionization and kinematics through the Narrow Line Region (NLR), leading to each line having a different profile. We did not attempt to estimate line ratios associated with the different components in the case of F16156+0146.
F17044+6720. This object was originally classified as a LINER by Veilleux et al. (1999) . However, optical spectroscopic classification of this source was recently reviewed by Yuan et al. (2010) , who found that the line ratios of F17044+6720 are typical of a Sy2 galaxy. However, for this galaxy, it is important to add a caveat about the uniqueness of the best fitting model. As described above, there are two close narrow components that have relatively similar widths (356 ± 22 km s −1 and 515 ± 51 km s −1 ). Therefore, it is possible that this narrow line splitting represents unresolved rotation, or traces a large-scale bipolar outflow in the gas (see, for example Holt et al., 2008) . To test this scenario we set the widths of the two narrow components to have the same value during the modelling of the [OIII]λλ4959,5007 emission lines; the result is presented in Figure 12 . The model, that also successfully fits all the observed emission lines, comprises three components: a narrow component (N1, FWHM = 386 ± 14 km s −1 ), a second narrow component (N2) with the same width redshifted 301 ± 21 km s −1 with respect to N1 and a broad component (FWHM = 1543 ± 34 km s −1 ) blueshifted by -157 ± 33 km s −1 with respect to N1.
Note that when only the widths and shifts of the different components were constrained for the two best fitting models described before, the Hα/Hβ line ratios associated with the intermediate and the N2 component were lower than 2.88, the theoretical lower limit assuming case B recombination theory in absence of reddening. A similar issue is found for the broad component in the case of the [SII]λλ6716,6731 doublet, where the [SII]6716/6731 line ratio is found to be higher than 1.42, the low density limit. This is due to the fact that the flux contribution in the case of the [SII]λλ6716,6731 emission lines is dominated by the narrow components at rest frame (for the two best fitting models considered). Therefore, the intensities of the broad components are relatively unconstrained.
To overcome these problems the Hβ flux contribution of the intermediate and the N2 was forced to have an intensity such as the Hα/Hβ line ratio associated with this component is higher or equal to that of the narrow component at rest frame. In addition, following the approach used for other objects, the [SII]6716/6731 line ratio of the shifted components were set to 0.44 during the modelling and then slightly increased in steps of 0.02 until the fit became poor. As we mentioned before, the flux contribution of these components is relatively small, and adequate fits are obtained for any value of this ratio within the allowed range (0.44 ≥[SII]6716/6731≥1.42).
In terms of line ratios we find similar results for the two models described above. The values measured for the narrow component is consistent consistent with CP and LINER ionization. On the other hand, the line ratios of the I and B components are consistent with Sy2 ionization. We note that telluric atmospheric absorption features affect, to some extent, the profile of the [OI]λ6300 emission line and the blue wing of the [SII]λλ6716,6731 doublet. Therefore, the line ratios for the broad components of the latter lines are relatively unconstrained for either of the models considered here. the narrow component in the rest frame. As in the previous case, it is possible that the observed narrow line splitting represents unresolved rotation, or traces a large-scale bipolar outflow in the gas. The very broad component is only detected in high ionization emission lines ([OIII]λλ4959,5007, HeIIλ4686 and NeVλ3426). The other observed emission lines, with the exception of Hβ and the Hα+[NII]λλ6549,6583 complex, are adequately modeled using a model including the two narrow components plus the broad component. In the case of the Hβ line and the Hα+[NII] complex the profiles the blue and red wings are not adequately fitted with a model comprising the two narrow plus a broad component (see Figure  13 ). Accounting for a fourth, blueshifted component does not improve the quality of the fit. In fact, when a forth, broad component consistent with that detected in [OIII] is included during the modelling, DIPSO returns negative flux values for this component. Therefore, we used the approach of including a fourth, unconstrained component (i.e. shift, width and flux of this component are free parameters) during the modelling of the Hβ and Hα+[NII] emission lines, and the results are shown in Figure 13 . This fourth component has a FWHM of 2345± 368 km s −1 and is redshifted by 188 ± 100 km s −1 with respect to the narrow component at rest frame; its Hα/Hβ ratio of 18±2.7 implies a reddening of E(B-V)=1.68±0.14 assuming a Calzetti et al. (2000) extinction law. At the same time, the nuclear spectrum of the object shows an unusually red continuum compared with other local ULIRGs (Rodriguez Zaurin et al. 2009 , see also Hill, G. et al. 1987 . Overall, the properties of the nuclear spectrum of this source are consistent with it containing a moderately reddened Seyfert 1 nucleus. This is consistent with the clear detection at near-IR wavelengths by Veilleux et al. (1997) of a broad Paα line of similar width (FWHM∼1954 km s −1 ) to the broad Balmer lines detected in our optical spectrum.
Note that a telluric absorption feature might affect the blue wing of the Hα+[NII] complex, as shown in Figure 14 . Nonetheless, we have successfully fitted the Hα+[NII] blend using a BLR component that has the same width and shift as that fitted to the Hβ line.
Regarding the ionization mechanisms, we find that the line ratios measured for the three components observed in all the emission lines are consistent with Sy2 ionization. As in some previous cases, when only the shifts between the different components and their widths are fixed, the [SII]6716/6731 line ratio associated with N2 was higher than 1.42 (the low density limit), while this value was lower than 0.44 (the high density limit) for the broad component. Following the approach described before, we set the values of this line ratio to be 0.44 and then change the value for each component individually in steps on 0.02 until the fit was deemed not adequate. Acceptable fits are obtained for any line ratio value within the allowed range (0.44 ≤ [SII]6716/6731 ≤ 1.42). Finally, we note that the degeneracy issue associated with the [SII]λλ6716,6731 doublet does not change the results related to the ionization mechanism, i.e. Sy2-like line ratios are always found for all the different components. with respect to the narrow component, a broad component (FWHM = 1511 ± 118) blueshifted -447 ± 41 km s −1 with respect to the narrow component, and a very broad component (FWHM = 2706 ± 422 km s −1 ) that is blueshifted by -3433 ± 904 km s −1 with respect to the narrow component. As shown in Figure 1 , the flux contribution of the very broad component is relatively small. Therefore, the uncertainties associated with the corresponding shift and width are large. As in the previous object, this component is only required to obtain an adequate fit in the case of the [OIII]λλ4959,5007. All the other observed lines can be modelled with the first three components listed before.
As in most of the cases, when only the shifts between the different components and their widths of are fixed, the [SII]6716/6731 line ratio associated with the intermediate and broad components are outside the allowed range. Therefore, following the approach described above we set the ratio to 0.44 for the intermediate and broad components and then increase the value of each of these two components in steps of 0.02 until the fit was considered poor. In this way, we estimate an upper limit for the [SII] 6716/6731 ratio of 1.0 for these two components.
Regarding the ionizing mechanisms, we find that the line ratios measured for the narrow component are consistent with NLAGN ionization, or fall close to the HII/Sy2 limiting region in the diagrams. On the other hand, the line ratios measured for both the intermediate and the broad components are consistent with Sy2 ionization. Note that that a Sy2 spectral type is found for these two components independently of the [SII]6716/6731 line ratio used during the modelling.
F23327+2913
. Yuan et al. (2010) recently classified this double nucleus system as Sy2:, although it was originally classified as LINER by Veilleux et al. (1999) . For the work presented here we concentrate on the 5kpc-I aperture described in Rodríguez Zaurín et al. (2009) . This aperture covers the emission from the southern source, and is the only aperture for which the corresponding extracted spectrum shows evidence for outflows.
The main problem when trying to model the emission lines in this object is that the [OIII]λλ4959,5007and Hβ emission lines have low equivalent widths, and are potentially affected by noise and residual structure in the underlying continuum. Therefore these lines are not suitable for deriving a model to fit to the other lines in the spectrum. As in the case of F00188-0856, we use the approach of first fitting the Hα+[NII] complex and then model the other emission lines observed in the spectrum with the same components and the same velocity widths and shifts as Hα. The results of the Hα+[NII] modelling are shown in Figure 1 . The best fitting model comprises 2 components: a narrow component (FWHM = 109 ± 2 km s −1 ) and an intermediate component (FWHM = 805 ± 13 km s −1 ) blueshifted by -92 ± 4 km s −1 with respect to the narrow component. The narrow component makes a negligible contribution to the flux of the Hβ emission line. In fact, the Hβ emission line can be modeled using only the intermediate component. Therefore, it is not possible to study the ionization mechanism associated with that component. Regarding to the intermediate component, we find that the line ratios measured for that component are consistent with NLAGN or HII ionization. F23389+0300. Two 5 kpc apertures (5kpc-I and 5kpc-II) were used during the investigation of the stellar populations of this double nucleus system presented in Rodríguez Zaurín et al. (2009 Zaurín et al. ( , 2010 However, aperture used for this study is the 5kpc-I aperture, centered on the northern source, which includes the AGN nucleus (e.g. Nagar et al., 2003) The [OI]λλ6300,6393 emission lines, which are stronger powerful than the observed [OIII]λλ4959,5007 emission lines, are particularly impressive in this source. In terms of the modelling, it was not possible to find one model that adequately fits all the detected emission lines. In this particular case, each emission line was fitted using an individual model. For completeness, Figure 1 shows the modelling result for the [OIII] emission lines. The model shown in the figure comprises a narrow component (FWHM = 289 ± 7 km s −1 ) plus a very broad component (FWHM = 2223 ± 30 km s −1 ) that is redshifted by 47 ± 13 km s −1 with respect to the narrow component.
As in the cases of F13451+1232, F14394+5332 and F16156+0146, the fact that we do not find one adequate model for all emission lines suggest that, instead of a discrete number of kinematic components, there may be a continuous range of density, ionization and kinematics through the Narrow Line Region (NLR), leading to each line having a different profile. No attempt has been made to estimate line ratios of the different kinematic components for this galaxy.
